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(54) OPTICAL REFLECTION POLARIZER AND PROJECTOR COMPRISING THE SAME 



(57) The present invention provides a projector that 
stably displays high-contrast, bright images by improv- 
ing light resistance and heat resistance of a polarizer. 
The projector includes: a light source device; an electro- 
optic device that modulates light emitted from the light 



source device; two polarizers that are disposed respec- 
tively on a light incoming side and a light outgoing side 
of the electro-optic device; and a projection optical sys- 
tem that projects light output from the electro-optic de- 
vice. At least one of the two polarizers is a structural 
birefringent polarizing plate. 
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Description 

Technical Field 

[0001] The present invention relates to a projector for 
displaying images, and more specifically pertains to a 
polarizer that is disposed on a light-incoming side and/ 
or a light-outgoing side of a liquid crystal device. 

Background Art 

[0002] Projectors have a liquid crystal light valve in- 
cluding a liquid crystal device (a liquid crystal panel). 
Polarizers are generally disposed on a light incoming 
surface and a light outgoing surface of the liquid crystal 
device. The polarizer functions to transmit a predeter- 
mined polarized light component, while removing the 
other light components. 

[0003] A light absorbing-type polarizing plate is gen- 
erally used for the polarizer in the projector. A typical 
example of the light absorbing-type polarizing plate is 
obtained by uniaxially orienting a film including iodine or 
dye molecules. The light absorbing-type polarizing plate 
has a relatively high extinction rate and relatively small 
incident angle dependency but poor light resistance and 
heat resistance. 

[0004] The recent demand for the enhanced bright- 
ness of projected images and the size reduction of the 
projector leads to higher output of the light source device 
and size reduction of the liquid crystal device. This in- 
creases the luminous flux of light entering the polarizing 
plate and thereby raises the luminous flux density. 
Namely this raises the intensity of light entering the po- 
larizing plate per unit area. 

[0005] The raised intensity of light entering the polar- 
izing plate per unit area undesirably increases thermal 
load applied to the polarizing plate. The light absorbing- 
type polarizing plate removes a non-required light com- 
ponent by absorption and converts the absorbed light 
component into heat. The light absorbing-type polariz- 
ing plate has poor light resistance and heat resistance 
and accordingly has difficulties in maintaining the polar- 
ization characteristics over a long time period. The dis- 
advantage of the prior art projector is thus incapability 
of stably displaying high-contrast, bright images over a 
long time period. 

Disclosure of the Invention 

[0006] The object of the present invention is thus to 
solve the drawbacks of the prior art technique discussed 
above and provide a projector that stably displays high- 
contrast, bright images by improving light resistance 
and heat resistance of a polarizer. 
[0007] At least part of the above and the other related 
objects is attained by a projector as a first apparatus of 
the present invention. The projector includes: a light 
source device; an electro-optic device that modulates 



light emitted from the light source device; two polarizers 
that are disposed respectively on a light incoming side 
and a light outgoing side of the electro-optic device; and 
aprojection optical system that projects light output from 

5 the electro-optic device. At least one of the two polariz- 
ers is a structural birefringent polarizing plate. 
[0008] The structural birefringent polarizing plate may 
also be called a shape birefringent polarizing plate or a 
form birefringent polarizing plate. 

10 [0009] This projector utilizes the structural birefrin- 
gent polarizing plate, which hardly absorbs light and has 
relatively high light resistance and heat resistance. The 
projector thus stably displays high-contrast, bright im- 
ages, even when the light entering the polarizer has a 

15 high intensity per unit area, due to an increase in light 
output of the light source device or due to reduction of 
the size of the electro-optic device. 
[0010] When non-polarized light enters the polarizer 
disposed on the light incoming side of the electro-optic 

20 device, the thermal load applied to the polarizer on the 
light incoming side becomes heavier than the thermal 
load applied to the polarizer on the light outgoing side. 
In such cases, it is preferable that the structural birefrin- 
gent polarizing plate is provided at least on the light in- 

25 coming side of the electro-optic device. 

[0011] When a predetermined polarized light enters 
the polarizer disposed on the light incoming side of the 
electro-optic device, the thermal load applied to the po- 
larizer on the light outgoing side becomes heavier than 

30 the thermal load applied to the polarizer on the light in- 
comingside. In such cases, it is p referable that the struc- 
tural birefringent polarizing plate is provided at least on 
the light outgoing side of the electro-optic device. 
[0012] In the above projector, the structural birefrin- 

35 gent polarizing plate may be a wiregrid polarizing plate. 
[0013] The wiregrid polarizing plate has a simple 
structure, which facilitates manufacture of the structural 
birefringent polarizing plate. 

[0014] In accordance with one preferable application 
40 of the above projector, the structural birefringent polar- 
izing plate includes a light transmissive crystal substrate 
and a fine periodic structure periodically formed in a pre- 
determined direction on the light transmissive crystal 
substrate. 

45 [0015] The light transmissive crystal substrate has a 
relatively high thermal conductivity and thus quickly re- 
leases heal generated by absorption of light by the 
structural birefringent polarizing plate. A sapphire sub- 
strate or a rock crystal substrate are typical examples 

so of the light transmissive crystal substrate. 

[0016] In accordance with another preferable applica- 
tion of the above projector, the structural birefringent po- 
larizing plate is inclined to a center axis of light illumi- 
nating the electro-optic device. 

55 [0017] The inclined layout of the structural birefringent 
polarizing plate practically decreases the pitch of the 
fine periodic structure relative to the incident light, thus 
improving the optical characteristics of the structural bi- 
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refringent polari2ing plate. 

[001 81 In the above application, the structural biref nn- 
gent polarizing plate may be arranged at an inclination 
of about 45 degrees relative to the center axis. 
[0019] When the light transmitted through the struc- 
tural birefringent polarizing plate is utilized tor the elec- 
tro-optic device, this arrangement causes a non-re- 
quired light reflected by the structural birefringent polar- 
izing plate to be emitted in the direction of about 90 de- 
grees to the center axis. This arrangement prevents ad- 
verse effects of the non-required light on other optical 
elements. This arrangement lurther enables the light re- 
flected by the structural birefringent polarizing plate to 
be utilized for the electro-optic device. 
[0020] In accordance with still another prelerable ap- 
plication of the above projector, the structural birefrin- 
gent polarizing plate is divided into a plurality of areas, 
and at least one of the plurality of areas is inclined to a 
center axis of light illuminating the eleclro-optic device. 
[0021] This arrangement relatively decreases the 
thickness of the inclined structural birefringent polariz- 
ing plate (that is, the dimension in the direction perpen- 
dicular to the light incoming surface of the electro-optic 
device). Part of the plurality of areas may be arranged 
perpendicular to the center axis of the light illuminating 
the electro-optic device (that is, parallel to the light in- 
coming surface of the electro-optic device). 
[0022] In the above application, at least one of the plu- 
rality of areas in the structural birefringent polarizing 
plate may be arranged at an inclination of about 45 de- 
grees relative to the center axis. ■ 
[0023] When the light transmitted through the struc- 
tural birefringent polarizing plate is utilized for the elec- 
tro-optic device, this arrangement causes the light re- 
flected by the structural birefringent polarizing plate to 
be emitted in the direction of about 90 degrees to the 
center axis. This effectively prevents adverse effects of 
the reflected light on other optical elements. For the ef- 
fective use of the light reflected by the structural bire- 
Iringent polarizing plate, the reflected light may be re- 
turned to the light source device tor recycling. 
[0024] In accordance with one preferable embodi- 
ment of the above projector, a light absorbing polarizing 
plate is lurther arranged on a light outgoing side of the 
structural birefringent polarizing plate. 
[0025] The optical characteristics of the structural bi- 
refringent polarizing plate have relatively large incident 
angle dependency and wavelength dependency. The 
optical characteristics of the light absorbing polarizing 
plate, on the other hand, have relatively small incident 
angle dependency and wavelength dependency. The 
combined use of the light absorbing polarizing plate 
compensates torthe incident angle dependency and the 
wavelength dependency of the structural birefringent 
polarizing plate, thus attaining the polarizer having ex- 
cellent light resistance, heat resistance, and optical 
characteristics. The structural birefringent polarizing 
plate and the light absorbing polarizing plate may be op- 



tically integrated with each other. The optical integration 
reduces the loss of light occurring at their interface. A 
polarizing plate composed ol an iodine or dye-contain- 
ing material may be applied tor the light absorbing po- 

5 larizing plate. 

[0026] In the projector of the above application, it is 
preferable that a light transmissiye crystal substrate is 
further arranged on a light outgoing side of the light ab- 
sorbing polarizing plate, and the light transmissivecrys- 

w tal substrate is appressed to the light absorbing polar- 
izing plate. 

[0027] The arrangement ol the light absorbing polar- 
izing plate in close contact with the light transmissive 
crystal substrate having a relatively large thermal con- 

is ductivity facilitates release of the heat generated by ab- 
sorption of light by the light absorbing polarizing plate. 
This arrangement thus relieves the deterioration of the 
optical characteristics of the structural birefringent po- 
larizing plate and the light absorbing polarizing plate, 

20 due to the heat generated by the light absorbing polar- 
izing plate. 

[0028] In accordance with another preferable embod- 
iment of the above projector, a light reflective polarizing 
plate is further arranged on a light outgoing side of the 
25 structural birefringent polarizing plate. 

[0029] The light reflective polarizing plate may be a 
multi-layered polarizing plate that is obtained by alter- 
natively laminating a birefringent film and non-birefrin- 
gent film. 

30 [0030] The combined use of the light reflective polar- 
izing plate, instead of the light absorbing polarizing 
plate, effectively compensates for the incident angle de- 
pendency and the wavelength dependency of the struc- 
tural birefringent polarizing plate, thus attaining the po- 

35 larizer having excellent light resistance, heat resistance, 
and optical characteristics. 

[0031] The present invention is further directed as its 
second apparatus to a projector including: a light source 
device; an electro-optic device that modulates light emit- 
40 ted from the light source device; two polarizers that are 
disposed respectively on a light incoming side and a 
light outgoing side of the electro-optic device; and a pro- 
jection optical system that projects light output from the 
electro-optic device. At least one of the two polarizers 

45 includes: a first prism having a light incoming surface 
and a light outgoing surface, which face to each other 
in a non-parallel orientation; and a light reflective polar- 
izing plate that is disposed on a side of the light outgoing 
surface of the first prism. The light reflective polarizing 

so plate divides light emitted from the first prism into first 
and second polarized lights having different polarizing 
directions, and transmits the first polarized light while 
reflecting the second polarized light. An angle defined 
by the light incoming surface and the light outgoing sur- 

55 face of the first prism is set to cause the second polar- 
ized light, which has been reflected by the light reflective 
polarizing plate and returned to the first prism, to be to- 
tally reflected by the light incoming surface. 
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[0032] This projector utilizes the light reflective polar- 
izer including the light rellective polarizing plate. This 
polarizer hardly absorbs light and has relatively high 
light resistance and heat resistance. The projector thus 
stably displays high-contrast, bright images, even when 
the light entering the polarizer has a high intensity per 
unit area, due to an increase in light output of the light 
source device or due to reduction of the size of the elec- 
tro-optic device. 

[0033] This polarizer prevents the second polarized 
light reflected by the light reflective polarizing plate from 
being emitted from the light incoming surface of the 
prism to the outside. The light reflective polarizer dis- 
posed on the light outgoing side of the electro-optic de- 
vice in the projector causes no light from the light reflec- 
tive polarizer to enter the light outgoing surface of the 
electro-optic device, thus desirably preventing malfunc- 
tion of the electro-optic device. 

[0034] This polarizer has a prism. The relatively small 
setting for the angle defined by the light incoming sur- 
face and the light outgoing surface of the prism reduces 
the size of the polarizer and thereby the total size of the 
projector. 

[0035] In accordance with one preferable application 
of the above projector, the f irst prism has an intersection 
line defined by the light incoming surface and the light 
outgoing surface, and the intersection line is substan- 
tially parallel to longer sides of a rectangular display ar- 
ea on the electro-optic device. 

[0036] This arrangement further reduces the size of 
the polarizer and thereby the total size of the projector 
[0037] In accordance with another preferable applica- 
tion of the above projector, a face of the first prism op- 
posite to a vertical angle defined by the light incoming 
surface and the light outgoing surface of the first prism 
is set to cause the second polarized light totally reflected 
by the light incoming surface to enter the opposite face 
at substantially right angles. 

[0038] This arrangement causes the light entering the 
opposite face to be mostly emitted from the opposite 
face, thus significantly decreasing the light that is re- 
flected by the opposite face and re-enters the light re- 
flective polarizing plate. 

[0039] In the above projector, it is preferable that the 
f irst prism is composed of a material having a photoelas- 
tic constant of not higher than about 1 novcm/tO* Pa. 
[0040] The prism composed of a material having a rel- 
atively low photoelastic constant causes substantially 
nochange in polarizing state of the light passing through 
the prism. The polarizer accordingly exerts excellent op- 
tical characteristics. 

10041] In one preferable application, the projectorfur- 
ther includes a second prism, which is disposed on a 
light outgoing side of the light reflective polarizing plate 
to receive the first polarized light transmitted through the 
light reflective polarizing plate. 

[0042] The travelling direction of the light emitted from 
the polarizer is regulated by adequately setting the re- 



fractive index of the second prism and the angle def ined 
by the light incoming surface and the light outgoing sur- 
face of the second prism. This enhances the degree of 
freedom in layout of other optical parts. Setting the 
5 shape and the refractive index of the second prism to 
be identical with those of the first prism gives a polarizer 
with substantially no change in travelling direction of the 
transmitted light. 

[0043] In the above application, it is preferable that at 
10 least one of the first prism and the second prism is com- 
posed of a material having a photoelastic constant of 
not higher than about 1 nm/cm/10 5 Pa. 
[0044] In the above application, it is also preferable 
that the second prism is arranged to make a travelling 
15 direction of the first polarized light emitted via the sec- 
ond prism substantially coincide with a travelling direc- 
tion of light entering the first prism. 
[0045] This arrangement makes the travelling direc- 
tion of the light entering the polarizer substantially coin- 
20 cident with the travelling direction of the light emitted 
from the polarizer, thus readily constructing the optical 
system including other optical parts. The coincidence of 
the travelling directions is attained by setting the refrac- 
tive index of the second prism practically equal to the 
25 refractive index of the first prism, by arranging the light 
incoming surface of the second prism substantially par- 
allel to the light outgoing surface of the first prism, and 
by arranging the light outgoing surface of the second 
prism substantially parallel to the light incoming surface 
30 of the f irst prism. 

[0046] In accordance with one preferable embodi- 
ment of the above projector, a light absorbing polarizing 
plate is disposed on a light outgoing side of the light re- 
flective polarizing plate. 
35 [0047] The light absorbing polarizing plate compen- 
sates for the incident angle dependency and the wave- 
length Dependency of the light reflective polarizing plate, 
thus giving the polarizer excellent light resistance, heat 
resistance, and optical characteristics. When the polar- 
40 izer includes the second prism, the light absorbing po- 
larizing plate may be disposed either on the light incom- 
ing side or on the light outgoing side of the second prism. 
[0048] In the above projector, the light reflective po- 
larizing plate may be a structural biref ringent polarizing 
45 plate. 

[0049] The structural biref ringent polarizing plate is a 
light reflective polarizing plate that hardly absorbs light 
and has relatively high light resistance and heat resist- 
ance. The light reflective polarizer stably exerts the high 
so optical characteristics even when the light entering the 
polarizer has a high intensity per unit area. Atypical ex- 
ample of the structural biref ringent polarizing plate is a 
wiregrid polarizing plate. 

[0050] In one preferable example of the above ar- 
55 rangement, the structural birefringent polarizing plate 
has a fine periodic structure periodically formed along a 
predetermined direction, and the predetermined direc- 
tion is substantially perpendicular to an intersection line 
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defined by the lighl incoming surface and the light out- 
going surface of the first prism. 

[0051] This causes the structural birefringent polariz- 
ing plate to be inclined to the center axis of the light il- 
luminating the electro-optic device. Such inclination 
practically decreases the pitch of the f ine periodic struc- 
ture relative to the incident light, thus improving the op- 
tical characteristics of the structural birefringent polariz- 
ing plate. 

[0052] In the above projector, the light reflective po- 
larizing plate may be a multi-layered polarizing plate that 
is obtained by alternatively laminating a birefnngentfilm 
and non-biref ringent film. 

[0053] Application of the multi-layered polarizing 
plate lor the light reflective polarizing plate relatively re- 
duces the incident angle dependency and the wave- 
length dependency. 

[0054] The present invention is also directed its third 
apparatus to a projector including: a light source device; 
an electro-optic device that modulates light emitted from 
the light source device; two polarizers that are disposed 
respectively on a light incoming side and a light outgoing 
side of the electro-optic device; and a projection optical 
system that projects light output from the electro-optic 
device At least one of the two polarizers includes a plu- 
rality of polarizer elements. Each polarizer element has: 
a first prism having a light incoming surface and a light 
outgoing surface, which face to each other in a non-par- 
allel orientation; and a light reflective polarizing plate 
that is disposed on a side of the light outgoing surface 
of the first prism. The plurality of polarizer elements are 
jointed in such a manner that the respective light incom- 
ing surfaces of the first prisms are located in a virtually 
same plane. In each polarizer element, the light reflec- 
tive polarizing plate divides light emitted from the first 
prism into first and second polarized lights having differ- 
ent polarizing directions, and transmits the first polar- 
ized light while reflecting the second polarized light. An 
angle defined by the light incoming surface and the light 
• outgoing surface of the first prism is set to cause the 
second polarized light, which has been reflected by the 
light reflective polarizing plate and returned to the first 
prism, to be totally reflected by the light incoming sur- 
face. 

[0055] The polarizer included in the second apparatus 
discussed above is used for the polarizer elements, so 
that this projector exerts the same functions and advan- 
tages as those of the projector of the second apparatus. 
Compared with the second apparatus using an integral 
polarizer, this arrangement decreases the thickness of 
each polarizer element and thereby reduces the total 
size of the polarizer. Application of the polarizer having 
the above construction to the projector advantageously 
reduces the whole size of the projector, compared with 
the projector of the second apparatus. 
[0056] The present invention is also directed as its 
fourth apparatus to a polarizer including: a first prism 
having a light incoming surface and a light outgoing sur- 



face, which face to each other in a non-parallel orienta- 
tion; and a light reflective polarizing plate that is dis- 
posed on a side of the light outgoing surface of the first 
pfism. The light reflective polarizing plate divides light 
5 emitted from tne first prism into first and second polar- 
ized lights having different polarizing directions, and 
transmits the f irst polarized light while reflecting the sec- 
ond polarized light. An angle defined by the light incom- 
ing surface and the light outgoing surface of the first 
io prism is set to cause the second polarized light, which 
has been reflected by the light reflective polarizing plate 
and returned to the first prism, to be totally reflected by , 
the light incoming surface. 

[0057] This polarizer is same with the polarizer used 
15 in the second apparatus of the present invention and 
accordingly exens the same functions and advantages. 
[0058] The present invention is further directed as Its 
fifth apparatus to a polarizer that includes a plurality of 
polarizer elements. Each polarizer element has: a first 
20 prism having a light incoming surface and a light outgo- 
ing surface, which face to each other in a non-parallel 
orientation; and a light reflective polarizing plate that is 
disposed on a side of the light outgoing surface of the 
first prism. The plurality of polarizer elements are jointed 
25 in such a manner that the respective light incoming sur- 
faces of the first prisms are located in a virtually same 
plane. In each polarizer element, the light reflective po- 
larizing plate divides light emitted from the first prism 
into first and second polarized lights having different po- 
30 larizing directions, and transmits the first polarized light 
while reflecting the second polarized light. An angle de- 
fined by the light incoming surface and the light outgoing , 
surface of the first prism is set to cause the second po- 
larized light, which has been reflected by the light reflec- 
35 tive polarizing plate and returned to the first prism, to be 
totally reflected by the light incoming surface. 
[0059] This polarizer is same with the polarizer used 
in the third apparatus of the present invention and ac- 
cordingly exerts the same functions and advantages. 

40 

Brief Description of the Drawings 



[0060] 

45 Fig. 1 is a plan view schematically illustrating the 
structure of a main part of a projector P J1 in a first 
embodiment; 

Figs. 2(A) and 2(B) illustrate some examples of the 
structural birefringent polarizing plate 200 shown in 

so Fig. 1 ; 

Fig. 3 is a sectional view schematically illustrating 
a structural birefringent polarizing plate 200A inte- 
grated a light absorbing polarizing plate; 
Fig. 4 is a sectional view schematically illustrating 

55 another structural birefringent polarizing plate 200B 
integrated with a light absorbing polarizing plate; 
Fig. 5 is a sectional view schematically illustrating 
still another structural birefringent polarizing plate 
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200E integrated with a light reflective polarizing 
plate; 

Fig. 6 is a sectional view showing the structure of 
the light reflective polarizing plate 250 of Fig. 5; 
Figs. 7(A) and 7(B) are plan views schematically il- 
lustrating the structure of a main part of a projector 
PJ2 in a second embodiment; 
Fig. 8 is a plan view schematically illustrating the 
structure of a main part of a projector PJ3 in a third 
embodiment; 

Figs. 9(A) and 9(B) show modified examples of the 
structural birefringent polarizing plate of Fig. 8; 
Fig. 10 is a plan view schematically illustrating the 
structure of a main part of a projector PJ4 in a fourth 
embodiment; 

Fig. 11 is a sectional view schematically illustrating 
the structure of a first light reflective polarizer 1 in a 
firth embodiment; 

Fig. 12 shows setting for a vertical angle o of the 
prism 10; 

Fig. 13 shows a modified example of the polarizer 
1 of Fig. 11; 

Fig. 14 is a sectional view schematically illustrating 
the structure of a second light reflective polarizer 2 
in the fifth embodiment; 

Fig. 15 is a sectional view schematically illustrating 
the structure of a third light reflective polarizer 3 in 
the fifth embodiment; 

Fig. 16 is a sectional view schematically illustrating 
the structure of a fourth light reflective polarizer 4 in 
the fifth embodiment; 

Fig. 17 is a sectional view schematically illustrating 
the structure of a fifth light reflective polarizer 5 in 
the fifth embodiment; 

Fig. 18 is a plan view schematically illustrating the 
structure of a main part of a projector PJ5 in the f ifth 
embodiment; and 

Fig. 19 shows layout of the light reflective polarizer 
3* disposed on the light outgoing side of the liquid 
crystal device 300 of Fig. 18. 

Best Modes of Carrying Out the Invention 

[0061] Some modes of carrying out the present inven- 
tion are discussed below with referring to drawings. In 
the drawings, X, Y, and Z directions represent three dif- 
ferent directions perpendicular to one another. In the de- 
scription hereafter, light polarized in the X direction is 
referred to as X polarized light, while light polarized in 
the Y direction is referred to as Y polarized light. 

A. First Embodiment 

[0062] Fig. 1 is a plan view schematically illustrating 
the structure of a main part of a projector PJ1 in a first 
embodiment. The projector PJ1 has a light source de- 
vice 110, an integrator optical system 120, a paralleliz- 
ing lens 190, a liquid crystal light valve LV, and a projec- 



tion optical system 500. The liquid crystal light valve LV 
includes a liquidcrystal device 300 that corresponds to 
the electro-optic device of the present invention, and two 
polarizers 200 and 400 that are disposed respectively 

5 on a light incoming side and a light outgoing side of the 
liquid crystal device 300. As discussed later, in this em- 
bodiment, a structural birefringent polarizing plate, 
which is one type of light reflective polarizing plate, is 
used for the polarizer 200 on the light incoming side, 

10 whereas a light absorbing polarizing plate is used for the 
polarizer 400 on the light outgoing side. 
[0063] The light reflective polarizing plate represents 
a polarizing plate that reflects a non-transmitted compo- 
nent of polarized light, whereas the light absorbing po- 

15 larizing plate represents a polarizing plate that absorbs 
the non-transmitted component of polarized light. 
[0064] The light source device 110 includes a light 
source lamp 111 and a reflector 112. Non-polarized light 
emitted radially from the light source lamp 111 is reflecl- 

20 ed by the reflector 112, so that substantially parallel light 
is emitted from the light source device 110 along an il- 
lumination optical axis L. 

[0065] The integrator optical system 1 20 includes two 
lens arrays 130 and 140. A plurality of small lenses 131 
25 having a rectangular shape, which is substantially sim- 
ilar to the shape of a display area of the liquid crystal 
device 300, are arranged in a matrix on each of the lens 
arrays 1 30 and 1 40 . The bundle of rays entering the first 
lens array 130 is divided into a plurality of partial bundles 

30 by the respective small lenses 131 and superimposed 
on the liquid crystal device 300 by the function of the 
second lens array 140. The integrator optical system 
120 thus equalizes an in-plane intensity distribution of 
the light emitted from the light source device 110 and 

35 illuminates the liquid crystal device 300 with the light. 
The light emitted from the integrator optical system 120 
enters the structural birefringent polarizing plate 200 via 
the parallelizing lens 190. 

[0066] The structural birefringent polarizing plate 200 
40 converts the non-polarized light emitted from the inte- 
grator optical system 120 to a substantially one type of 
polarized light. The non-polarized light may be regarded 
as a composite light of two different linearly polarized 
lights having perpendicular polarizing directions. The 
45 structural birefringent polarizing plate 200 reflects one 
linearly polarized light, while transmitting the other line- 
arly polarized light, so as to convert the non-polarized 
light emitted from the light source device 110 to substan- 
tially one type of linearly polarized light. In this embod- 
50 iment, the structural birefringent polarizing plate 200 
transmits the X polarized light, which has been polarized 
in the X direction. 

[0067] The liquid crystal device 300 is a transmissive- 
type liquid crystal panel that modulates incident polar- 
55 i 2 ed light and emits the modulated polarized light. More 
specifically, the X polarized light entering the liquidcrys- 
tal device 300 is modulated, based on image information 
given from external circuit {not shown), .and the modu- 
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laied light including a Y polarized light component is 
emitted from the liquid crystal device 300. 
[0068] The light absorbing polarizing plate 400 elimi- 
nates a non-required component from the modulated 
light emitted from the liquid crystal device 300 to create 
light representing an image. More specifically, the light 
absorbing polarizing plate 400 is arranged to make the 
direction of its transmission axis coincident with the Y 
direction. The light absorbing polarizing plate 400 ab- 
sorbs a non-required X polarized light component from 
the modulated light emitted from the liquid crystal device 
300 and transmits the Y polarized light component, 
thereby producing the image light. A uniaxial oriented 
polarizing plate composed of iodine or dye molecules 
having a high extinction rate may be applied for the light 
absorbing polarizing plate 400. 

[0069] The projection optical system 500 projects the 
image light produced by the light absorbing polarizing 
plate 400 onto a projection screen 600. An image is ac- 
cordingly displayed on the projection screen 600. 
[0070] Figs. 2(A) and 2(B) illustrate some examples 
of the structural birefringent polarizing plate 200 shown 
in Fig. 1 . The structural birefringent polarizing plate 200 
is a polarizing plate having a line periodic structure pe- 
riodically formed in a predetermined direction (in the X 
direction). The element pitch in the fine periodic struc- 
ture is set to be shorter than the wavelength of the inci- 
dent light. Adequate selection of the material of the fine 
periodic structure and regulation of the pitch give a de- 
sired refractive index distribution and desired optical an- 
isotropy, thus attaining desired polarisation characteris- 
tics. 

[0071] Fig. 2(A) is a perspective view schematically 
illustrating a wiregrid-type structural birefringent polar- 
izing plate 200. The wiregrid polarizing plate 200 has a 
structure made by depositing a metal thin f ilm 211 on a 
light transmissive substrate 210 and forming fine 
grooves 212 extending in the Y direction that separate 
the metal thin film 211 . The metal fine periodic structure 
211 reflects light in a wavelength range to be polarized. 
The metal thin film 211 may be composed of aluminum 
or tungsten and is formed by vapor deposition or by 
sputtering. The fine grooves 212 may be formed by a 
combination of etching with two-beam interference ex- 
posure, electron beam lithography, or X-ray lithography. 
The wiregrid-type structural birefringent polarizing plate 
200 has a simple structure and is thus readily manufac- 
tured. 

[0072] Fig. 2(B) is a sectional view illustrating another 
example of the structural birefringent polarizing plate 
200. This structural birefringent polarizing plate 200 has 
a structure made by depositing a multi-layered film 215 
on a light transmissive substrate 210 and forming fine 
grooves 212 extending in the Y direction that separate 
the multi-layered film 215. The multi-layered film 215 is 
obtained by alternately laminating two different dielec- 
tric thin films 213 and 214, which are isotropic but have 
different refractive indexes. The multi-layered film 215 



and the grooves 212 are formed in the same manner as 
the metal thin f ilm 21 1 and the grooves 21 2 of Fig. 2(A). 
[0073] Non-polarized light entering the structural bi- 
refringent polarizing plate 200 having the structure as 

5. shown in Fig. 2(A) or Fig. 2(B) is divided into a Y polar- 
ized light component, whose direction of polarization Y 
is the same as the direction in which the fine grooves 
212 extend, and an X polarized light component, which 
is perpendicular to the Y direction. The X polarized light 

10 is transmitted through the structural birefringent polar- 
izing plate 200, whereas the Y polarized light is reflected 
by the structural birefringent polarizing plate 200. Name- 
ly the structural birefringent polarizing plate 200 func- 
tions as the light reflective polarizing plate that reflects 

is the non-transmitted polarized light. The structural bire- 
fringent polarizing plate 200 has very little light absorp- 
tion in principle. 

[0074] In actual use of the structural birefringent po- 
larizing plate 200, however, the fine periodic structure 

20 211 slightly absorbs light and generates heat. In order 
to relieve the temperature rise in the structural birefrin- 
gent polarizing plate 200, a light transmissive crystal 
substrate having a high thermal conductivity is desirably 
used for the light transmissive substrate 210. Such ap- 

25 plication ensures rapid and homogeneous dissipation of 
heat generated by the fine periodic structure 211 , and 
thereby gives the thermally stable structural birefringent 
polarizing plate 200. 

[0075] The preferable material for the light transmis- 
30 sive crystal substrate has relatively high thermal con- 
ductivity and light transmittance. For example, a sap- 
phire substrate mainly composed of alumina (aluminum 
oxide) or a rock crystal substrate may be applied for the 
light transmissive crystal substrate. The sapphire sub- 
35 strate has the thermal conductivity of about 50 times the 
thermal conductivity of a standard glass substrate and 
about 35 times the thermal conductivity of a quartz glass 
substrate. 

[0076] The structural birefringent polarizing plate 200 
40 may also be obtained by orienting fine particles or fine 
crystals with shape anisotropy or by forming a thin film 
(for example, an alumina) with pores according to the 
anodic oxidation method. 

[0077] In principle, the polarization separation char- 
45 acteristics of the structural birefringent polarizing plate 
have incident angle dependency and wavelength de- 
pendency. These dependencies are reduced by making 
the pitch of the fine periodic structure sufficiently small 
relative to the wavelength of incident light. However, 
50 there is a manuf actural limit to make the periodic struc- 
ture finer. Especially for the light in a shorter wavelength 
domain, the dependencies may thus not be reduced suf- 
ficiently. The combined use of another polarizing plate 
preferably compensates for the polarization separation 
55 characteristics of the structural birefringent polarizing 
plate as discussed below. 

[0078] Fig. 3 is a sectional view schematically illus- 
trating a structural birefringent polarizing plate 200A in- 
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tegrated a light absorbing polarizing plate. This structur- 
al birefringent polarizing plate 200A has two different po- 
larizing plates., that is, the structural birefringent polar- 
izing plate 200 shown in Fig. 2(A) and a light absorbing 
polarizing plate 220 disposed on the light outgoing side 5 
of the structural birefringent polarizing plate 200. The 
light absorbing polarizing plate 220 is supported on a 
light transmissive substrate 210, which is arranged on 
the light outgoing surface of the structural birefringent 
polarizing plate 200, to be in close contact with the light u 
transmissive substrate 21 0. The light absorbing polar- 
izing plate 220 is arranged to make the direction of its 
transmission axis coincident with the direction of the 
transmission axis of the structural birefringent polarizing 
plate 200 (that is, the X direction). A uniaxial oriented n 
polarizing plate composed of iodine or dye molecules 
may be applied for the light absorbing polarizing plate 
220. Such light absorbing polarizing plates are mass 
produced and inexpensive. 

[0079] In the structural birefringent polarizing plate * 
200 A, the two polarizing plates, that is, the structural bi- 
refringent polarizing plate 200 and the light absorbing 
polarizing plate 220, are optically integrated with each 
other. The structural birefringent polarizing plate 200 
that hardly absorbs light and has excellent light resist- - 
ance and heat resistance is disposed on the light incom- 
ing side, whereas the light absorbing polarizing plate 
220 that has excellent polarization characteristics and 
relatively small incident angle dependency and wave- 
length dependency is disposed on the light outgoing i 
side. The combined use of the light absorbing polarizing 
plate desirably compensates for the incident angle de- 
pendency and the wavelength dependency of the polar- 
ization separation characteristics in the structural bire- 
fringent polarizing plate. 

[0080] The above layout of the two polarizing plates 
relatively decreases heat generation by the light absorb- 
ing polarizing plate 220, while improving the polarization 
characteristics of the structural birefringent polarizing 
plate 200 A. 

[0081] Fig. 4 is a sectional view schematically illus- 
trating another structural birefringent polarizing plate 
200B integrated with a light absorbing polarizing plate. 
The structural birefringent polarizing plate 200B in- 
cludes a light transmissive crystal substrate 230, which 
is disposed on the light outgoing side of the structural 
birefringent polarizing plate 200A of Fig. 3. 
[0082] In the structural birefringent polarizing plate 
200A, the light absorbing polarizing plate 220 slightly 
absorbs light. This may cause heat distortion inside the 
light absorbing polarizing plate 220, which leads to local 
variation in polarization characteristics. Arrangement of 
the light transmissive crystal substrate 230 having a rel- 
atively high thermal conductivity to be in close contact 
with the light absorbing polarizing plate 220 as shown 
in Fig. 4 relieves the temperature rise in the light absorb- 
ing polarizing plate 220. The structural birefringent po- 
larizing plate 200B accordingly has excellent polariza- 



tion characteristics. 

[0083] The preferable material for the light transmis- 
sive crystal substrate 230 has relatively high thermal 
conductivity and light transmittance. For example, a 
sapphire substrate mainly composed of alumina or a 
rock crystal substrate may be applied lor the light trans- 
missive crystal substrate 230. The light absorbing po- 
larizing plate 220 and the light transmissive crystal sub- 
strate 230 may be fixed and adhere to each other, for 
? example, via an adhesive. 

[0084] In the structure of Fig. 4, the light absorbing ( 
polarizing plate 220 is interposed between the light 
transmissive substrate 210 and the light transmissive 
crystal substrate 230. This structure homogeneously 
5 and evenly dissipates the heat generated by the light 
absorbing polarizing plate 220. Thus, this structure ef- 
fectively relieving the temperature rise of the structural 
birefringent polarizing plate, due to the heat generation 
in the light absorbing polarizing plate 220. 
o [0085] The structural birefringent polarizing plates 
200A and 200B shown in Figs. 3 and 4 relieve the inci- 
dent angle dependency and the wavelength dependen- 
cy of the structural birefringent polarizing plate 200 and 
attain the excellent polarization characteristics. These 
>5 polarizing plates 200A and 200B are especially effective 
for illuminating systems using light of large divergence 
and illuminating systems using light in a short wave- 
length domain. 

[0086] Fig. 5 is a sectional view schematically illus- 
30 trating still another structural birefringent polarizing 
plate 200E integrated with a light reflective polarizing 
plate. The structural birefringent polarizing plate 200E 
has a similar structure to that of the structural birefrin- 
gent polarizing plate 200A shown in Fig. 3, except that 
35 the light absorbing polarizing plate 220 is replaced by a 
light reflective polarizing plate 250. The light reflective 
polarizing plate 250 is disposed to be in close contact 
with the light transmissive substrate 210, which sup- 
ports the structural birefringent polarizing plate 200E, 
40 and is optically integrated. The light reflective polarizing 
plate 250 is arranged to make the direction of its trans- 
mission axis coincident with the direction of the trans- 
mission axis of the structural birefringent polarizing plate 
200 (that is, the X direction). 
45 [0087] Fig. 6 is a sectional view showing the structu re 
of the light reflective polarizing plate 250 of Fig. 5. The 
light reflective polarizing plate 250 is a multi-layered po- 
larizing plate obtained by alternately laminating a first 
film 251 with birefringence and a second film 252 without 
50 birefringence. The materials of the first film 251 and the 
second film 252 are selected in advance to satisfy rela- 
tions of n1X « n2 and n1Y * n2, where MX and MY 
denote refractive indexes of the first film 251 in the X 
direction and in the Y direction, and n2 denotes a ref rac- 
55 tive index of the isotropic second film 252. 

[0088] The refractive indexes in the X direction at an 
interface between the first film 251 and the second film 
252 are practically equal to^ach other, so that the po- 
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larized light in the X direction is transmitted without in- 
terierence reflection. However, the refractive indexes in 
the Y direction at the interlace are different from each 
other, so that part of the polarized light in the Y direction 
is subjected to interference reflection. The wavelength 5 
of the reflected light depends upon the refractive index- 
es and the thicknesses of the two films 251 and 252. 
The reflectance depends upon the number of layers in 
the laminate and the birefringence of the first film 251 . 
[0089] The adequate settings for the thicknesses and n 
the refractive indexes (materials) of the films 251 and 
252 and the number of layers in the laminate give the 
light reflective polarizing plate 250, which transmits sub- 
stantially all the incident X polarized light while reflecting 
substantially all the incident Y polarized light. Such a * 
light reflective polarizing plate is described in detail, for 
example, in JAPANESE PATENT LAID-OPEN GA- 
ZETTE No. 9-506985 based on International Applica- 
tion. 

[0090] Instead of the multi-layered polarizing plate * 
discussed above : an optical element including a chol- 
esteric liquid crystal in combination with a 7JA retarda-. 
lion plate, an optical element utilizing the Brewster angle 
lor separation into a reflecting polarized light and a 
transmitting polarized light (for example, SID'92 Dl- * 
GEST p427), or a hologram optical element taking ad- 
vantage of hologram may be applied for the light reflec- 
tive polarizing plate 250. 

[0091] In the structural birefringent polarizing plate 
200E (F.g. 5), the light reflective polarizing plate 250 is i 
otspesed on the light outgoing side of the structural bi- 
fcinngcnt polarizing plate 2O0. This arrangement pre- 
vents heat generation due to the light absorption. The 
i.qht iclicciive polarizing plate 250 replacing the light ab- 
sorbing polarizing plate 220 of Fig. 3 also effectively 
ccmpcnsaies lor the incident angle dependency and the 
wavelength dependency of the polarization separation 
craractensiics in the structural birefringent polarizing 
plate 

[0092] Any of the structural birefringent polarizing 
plates 20OA. 200B, and 200E may be disposed on the 
i.qht 5 ncom.ng side of the liquid crystal device 300, in 
place oi the structural birefringent polarizing plate 200 
shown in Fig. 1 . 

[0093] in the structural birefringent polarizing plates 
200A. 200B. and 200E, the structural birefringent polar- 
izing plate 200 is optically integrated with either the light 
absorbing polarizing plate 220 or the light reflective po- 
larizing plate 250. The two polarizing plates may alter- 
natively be separated from each other. The integration, 
however, reduces the loss of light occurring at the inter- 
lace between the two polarizing plates, thus enhancing 
the utilization efficiency of light. 

[0094] As described above, in the projector PJ1 , the 
structural birefringent polarizing plate 200 (200A, 200B, 
200E) that hardly absorbs light is disposed on the light 
incoming side of the liquid crystal device 300. Such ar- 
rangement desirably reduces the heat generation in the 



polarizer and thus maintains the characteristics of the 
polarizer over a long time period, even when the light 
entering the polarizer has a high intensity per unit area, 
due to application of a light source device having a 
greater light output or due to application of a liquid crys- 
tal device having a smaller display area. This actualizes 
a projector that stably displays high-contrast, bright im- 
ages. 

[0095] The little heat generation in the polarizer may 
reduce the size of a cooling device, which is generally 
used in the conventional system, or even omit the cool- 
ing device, thus advantageously reducing the noise and , 
the whose size of the projector. 

[0096] In the projector PJ1 of Fig. 1 , the structural bi- 
refringent polarizing plate 200 is disposed on the light 
incoming side of the liquid crystal device 300. This is 
because the non-polarized light is used as illumination 
light in the projector PJ1 and thereby a greater thermal 
load is applied to the polarizer 200 disposed on the light 
incoming side of the liquid crystal device 300, compared 
with the polarizer 400 disposed on the light outgoing 
side. In the projector utilizing non-polarized light as illur 
mination light, it is effective to arrange a structural bire- 
fringent polarizing plate having high light resistance and 
heat resistance on the light incoming side of the liquid 
crystal device. The structural birefringent polarizing 
plate 200 may also be disposed on the light outgoing 
side of the liquid crystal device 300. 

B. Second Embodiment 

[0097] Figs. 7(A) and 7(B) are plan views schemati- 
cally illustrating the structure of a main part of a projector 
PJ2 in a second embodiment. Fig. 7(A) shows the pro- 
jector PJ2 seen from the Y direction, and Fig. 7(B) 
shows the projector PJ2 seen from the X direction. The 
same constituents as those of the projector P J 1 of the 
first embodiment are expressed by the same numerals 
and are not specifically described here. 
» [0098] The structure of the projector PJ2 in the sec- 
ond embodiment is similar to that of the projector PJ1 
in the first embodiment, except that the integrator optical 
system 120 of Fig. 1 emitting non-polarized light is re- 
placed by an integrator optical system 150 (hereinafter 
> may also be referred to as 'polarization conversion op- 
tical system') that converts non-polarized light to sub- 
stantially one type of polarized light and emits the polar- 
ized light. The integrator optical system 150 of this em- 
bodiment emits X polarized light. 
o [0099] The position of the polarizers in the liquid crys- 
tal light valve LV is changed with the replacement of the 
integrator optical system. More specifically, in the pro- 
jector PJ2 of this embodiment, the structural birefringent 
polarizing plate 200 is disposed on the light outgoing 
5 side of the liquid crystal device 300, whereas the light 
absorbing polarizing plate 400 is disposed on the light 
incoming side. With the change in position of the polar- 
izers, the light absorbing polarizing plate 400 is ar- 
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ranged to make its transmission axis coincident with the 
X direction. The structural birefringent polarizing plate 
200 is arranged to make its periodic tine structure ex- 
tend along the Y direction. The light absorbing polarizing 
plate 400 of this embodiment accordingly transmits the 5 
X polarized light, while the structural birefringent polar- 
izing plate 200 transmits the Y polarized light. 
[0100] The polarization conversion optical system 
150 includes the first lens array 130, the second lens 
array 1 40, a polarization beam splitter array (hereinafter i o 
referred to as PBS array) 1 60, a selective retardation 
plate 1 70, and a superimposing lens 1 80. The PBS array 
160 includes a plurality of glass members having the 
cross section of a quasi parallelogram. Polarization sep- 
aration films and reflection films are alternately formed *5 
on the interlaces of the adjoining glass members. 
[0101] The bundle of rays entering the first lens array 
130 is divided into a plurality of partial bundles by the 
respective small lenses 131. Each partial bundle is di- 
vided by the PBS array 1 60 into two linearly polarized 20 
lights having perpendicular polarizing directions. The 
selective retardation plate 1 70 functions to align the po- 
larizing directions of two linearly polarized lights. The 
polarized light (X polarized light) aligned to have sub- 
stantially the same polarizing direction is emitted via the 25 
superimposing lens 180 and are superimposed on the 
liquid crystal device 300 via the parallelizing lens 1 90 in 
the same manner as the first embodiment. 
[0102] Application of the polarization conversion op- 
tical system 150 equalizes the in-pla'ne intensity distri- 30 
bution of illumination light entering the liquid crystal de- 
vice 300, while ensuring emission of the illumination 
light having the substantially adjusted polarizing direc- 
tion with little loss of light. Such a polarization conver- 
sion optical system 150 is described in detail in JAPA- 35 
NESE PATENT LAID-OPEN GAZETTE No. 8-304739. 
[0103] In the projector PJ2 of this embodiment includ- 
ing the polarization conversion optical system 150, the 
polarizer 400 disposed on the light incoming side of the 
liquid crystal device 300 is utilized to enhance the de- 40 
gree of polarization of the incident light. The enhanced 
utilization efficiency of light by the polarization conver- 
sion optical system 150 raises the intensity of the light 
entering the polarizer 200 disposed on the light outgoing 
side of the liquid crystal device 300. Namely, the thermal *s 
load applied to the polarizer 400 disposed on the light 
incoming side of the liquid crystal device 300 is smaller 
than that in the first embodiment, while the thermal load 
applied to the polarizer 200 disposed on the light outgo- 
ing side is greater than that in the first embodiment. Be- so 
cause of this fact, in the projector PJ2 of this embodi- 
ment, the light absorbing polarizing plate 400 is dis- 
posed on the light incoming side of the liquid crystal de- 
vice 300, and the structural birefringent polarizing plate 
200 is disposed on the light outgoing side. 55 
[0104] As described above, in the projector PJ2, the 
structural birefringent polarizing plate 200 that hardly 
absorbs light and has excellent light resistance and heat 



resistance is disposed on the light outgoing side of the 
liquid crystal device 300. Such arrangement desirably 
reduces the heat generation in the polarizer and thus 
maintains the characteristics of the polarizer over a long 
time period, even when the light entering the polarizer 
has a high intensity per unit area, due to application of 
the polarization conversion optical system 150. This ac- 
tualizes a projector that stably displays high-contrast, 
bright images. 

[01 05] The structural birefringent polarizing plate 200 
may be replaced by any of the structural birefringent po- 
larizing plates 200A, 200B, and 200E shown in Figs. 3 
to 5. Such replacement further enhances the contrast of 
the displayed image. Any of the structural birefringent 
polarizing plates 200, 200A, 200B, and 200E may also 
be applied for the polarizer 400 disposed on the light 
incoming side of the liquid crystal device 300. 

C. Third Embodiment 

[0106] As discussed previously, in order to improve 
the polarization separation characteristics (more specif- 
ically, in order to reduce incident angle dependency and 
wavelength dependency), it is desirable to minimize the 
pitch of the periodic fine structure on the structural bire- 
fringent polarizing plate 200 to the smallest possible lev- 
el relative to the wavelength of light. However, there is 
a manufactura! limit to make the periodic structure finer. 
This embodiment takes into account the layout of the 
structural birefringent polarizing plate 200 and thereby 
compensates for the polarization separation character- 
istics of the structural birefringent polarizing plate 200. 
[0107] Fig. 8 is a plan view schematically illustrating 
the structure of a main part of a projector PJ3 in a third 
embodiment. The structure of the projector PJ3 is sim- 
ilar to that of the projector PJ1 of the first embodiment, 
except that the structural birefringent polarizing plate 
200 is inclined to the illumination optical axis L (that is, 
the center axis of light illuminating the liquid crystal de- 
vice). 

[0108] The inclination of the structural birefringent po- 
larizing plate 200 to the illumination optical axis L virtu- 
ally reduces the pitch of the fine periodic structure rela- 
tive to the incident light along the illumination optical axis 
L. Such layout of the polarizing plate 200 improves the 
polarization separation characteristics of the polarizing 
plate 200, thus attaining a projector that stably displays 
high-contrast, bright images. 

[0109] It is desirable that the structural birefringent 
polarizing plate 200 has a greater angle of inclination to 
the illumination optical axis L. The preferable setting for 
the angle of inclination is about 45 degrees, by taking 
into account the loss of light in the polarizing plate 200 
and the treatment of the reflected light from the polariz- 
ing plate 200. In the case of such setting for the angle 
of inclination, the light reflected by the structural birefrin- 
gent polarizing plate 200 is emitted in the direction of 
about 90 degrees relative to the illumination optical axis 
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L. This reflected light has substantially no adverse ef- 
fects on other optical elements. 

[0110] Setting about 45 degrees to the angle of incli- 
nation of the structural birefringent polarizing plate 200 
to the illumination optical axis L is equivalent to increas- 
ing the dimension of the polarizing plate 200 in the 2 
direction. A greater space is thus required to locate the 
structural birefringent polarizing piste 200 on the light 
incoming side of the liquid crystal device 300. 
[0111] Figs. 9(A) and 9(B) show modified examples 
of the structural birefringent polarizing plate ot Fig. 8. 
Fig. 9(A) shows a structural birefringent polarizing plate 
200C that is bent at one position along the Y axis to a 
V shape, and Fig. 9(B) shows a structural birefringent 
polarizing plate 200D that is bent at three positions to a 
W shape. The layout of dividing the structural birefrin- 
gent polarizing plate 200 into a plurality ot areas and 
arranging each area inclined to the illumination optical 
axis L decreases the dimension of the structural bire- 
fringent polarizing plate in the Z direction, thus relatively 
reducing the space required for the structural birefrin- 
gent polarizing plate. 

[0112] The structural birefringent polarizing plate 
200C shown in Fig. 9(A) causes the reflected light to be 
emitted in the direction substantially perpendicular to 
the illumination optical axis L. The reflected light has 
substantially no adverse effects on other optical ele- 
ments and is thus readily treated. Incidence of light from 
the light outgoing side often causes malfunction of the 
liquid crystal device. Because of the feature discussed 
above, the structural birefringent polarizing plate 200C 
may be applied for the polarizer disposed on the light 
outgoing side of the liquid crystal device. The structural 
birefringent polarizing plate 200D shown in Fig. 9(B), on 
the other hand, returns part of the reflected light to the 
light source device 110 (see Fig. 8) for recycling. 
[0113] Either of the structural birefringent polarizing 
plates 200C and 200D may be arranged in an inverted 
orientation. For example, to change the light incoming 
surface to the light outgoing surface of the structural bi- 
refringent polarizing plate 200C-shown in Fig. 9(A), one 
ridge line defined by two areas of the polarizing plate 
200C may be faced to the liquid crystal device 300. 
[0114] In both the examples ol Figs. 9(A) and 9(B), 
the plurality of areas in the structural birefringent polar- 
izing plate are all inclined to the illumination optical axis 
L. Part of the areas may alternatively be arranged per- 
pendicular to the illumination optical axis L. In general, 
at least one ot the plurality of areas should be inclined 
to the illumination optical axis L. 

[0115] In the examples of Figs. 9(A) and 9(B), the dis- 
play area of the liquid crystal device has a rectangular 
shape having longer sides in the X direction and shorter 
sides in the Y direction. As discussed above, the exam- 
ples of Figs. 9(A) and 9(B) use the structural birefringent 
polarizing plates 200C and 200D, which are respectively 
divided into a plurality of areas along the Y axis. It is, 
however, preferable to apply the structural birefringent 



polarizing plate divided into a plurality of areas along the 
X axis for the liquid crystal device having the rectangular 
display area. Namely it is desirable to divide the struc- 
tural birelringent polarizing plate along the longer sides 

5 of the rectangular display area. The plurality of areas 
are then aligned along the shorter sides of the rectan- 
gular display area. Compared with the. structural bire- 
fringent polarizing plates 200C and 200D of Figs. 9(A) 
and 9(B) ; this arrangement relatively reduces the thick- 

10 ness of the structural birefringent polarizing plate in the 
2 direction. 

D. Fourth Embodiment 

is [01 16] Fig. 1 0 is a plan view schematically illustrating 
the structure of a main part of a projector PJ4 in a fourth 
embodiment. Like the projector PJ3 of the third embod- 
iment, in this projector PJ4, the structural birefringent 
polarizing plate 200 is inclined to the illumination optical 

20 axis L. More specifically, the structural birefringent po- 
larizing plate 200 is inclined at an angle of 45 degrees 
to the illumination optical axis L. 

[01 17] This layout of the structural birefringent polar- 
izing plate 200 enables the projector PJ4 to utilize the 
25 Y polarized light reflected by the structural birefringent 
polarizing plate 200 as the illumination light. 
[0118] The layout of the structural birefringent polar- 
izing plate 200 shown in Fig. 10 enables an L-shaped 
layout of the projector PJ4. This relatively decreases the 

30 dimension of the casing, which covers over the projec- 
tor, either in the X direction or in the Z direction, thus 
reducing the whole size of the projector. The decreased 
dimension in the Z direction is preferable for rear-type 
projectors, whereas the decreased dimension in the X 

35 direction is preferable for vertical-type projectors, in 
which the light source device 110 is located on the bot- 
tom. 
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- [0119]. In the case where the polarizer including the 
light rellective polarizing plate is disposed on the light 
outgoing side ot the liquid crystal device, care must be 
taken in preventing a non-required polarized light re- 
45 fleeted by the light reflective polarizing plate from enter- 
ing the light outgoing surface of the liquid crystal device. 
This is because thin film transistors (TFT) often applied 
as active switching elements for the liquid crystal device 
may malfunction in response to light entering the light 
50 outgoing side of the liquid crystal device. 

[0120] A polarization beam splitter having a polariza- 
tion separation film has recently been applied for the po- 
larizer including the light reflective polarizing pla te (fo r 
example, JAPANESE PATENT LAID-OPEN GAZETTE 
55 No. 7-306405). The polarization beam splitter has two 
rectangular prisms and a polarization separation film 
formed on an interlace of the two rectangular prisms. 
The polarization beam splitter is arranged to make its 
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polarization separation film inclined at an angle of about 
45 degrees to the illumination optical axis. Arrangement 
of such a polarization beam splitter on the light outgoing 
side of the liquid crystal device causes the light reflected 
by the polarization separation film to be emitted in a di- 
rection substantially perpendicular to the illumination 
optical axis, thus effectively preventing malfunction of 
the liquid crystal device. 

[0121] However, the dimension of the polarization 
beam splitter along the illumination optical axis is set to 
be substantially equal to the dimension of the longer 
sides of the rectangular display area on the liquid crystal 
device. This undesirably increases the total size of the 
polarizer. A relatively large space is thus required to lo- 
cate the polarizer on the light outgoing side of the liquid 
crystal device. This leads to an increase in size of the 
projector. The long distance between the liquid crystal 
device and the projection optical system requires a 
large-diametral projection lens, which raises the manu- 
facturing cost of the projection optical system. 
[0122] The embodiment discussed below locates a 
polarizer including a light reflective polarizing plate on 
the light outgoing side of the liquid crystal device, so as 
lo improve the light resistance and heat resistance of 
tho polarizer while reducing the total size of the polariz- 
er which includes the light reflective polarizing plate and 
a ortsm. 

[0123] Fig. 11 is a sectional view schematically iilus- 
tranng the structure of a first light reflective polarizer 1 
in a filth embodiment. The light reflective polarizer 1 in- 
cludes a prism 10, a light reflective polarizing plate 20 f 
ard a light absorbing polarizing plate 30. 
[0124] The prism 10 is a light transmissrve body hav- 
ing a hghl incoming surface S1i and a light outgoing sur- 
face Si o. which are not parallel to each other. More spe- 
cifically the prism is a glass columnar body having a 
qLris -triangular cross section, where an angle (vertical 
argie) u defined by the light incoming surface S1i and 
tnc opposite light outgoing surface S1o is set to a spe- 
cific value The vertical angle a will be discussed later. 
[01 25] The light reflective polarizing plate 20 is an op- 
tical element that divides non-polarized light into two dif- 
ferent polarized lights having different polarizing direc- 
tions with little light absorption. The light reflective po- 
larizing plate 20 of this embodiment may be constructed 
by any one of the following optical elements: 

(a) a polarization separation element consisting of 
dielectric multi-layered films; 

(b) a structural birefringent polarizing plate having 
a periodical fine structure; 

(c) a multi-layered polymer polarizing plate ob- 
tained by laminating layers of an organic material 
having anisotropy of refractive index (birefrin- 
gence), such as a liquid crystal material (for exam- 
ple, DBEF manufactured by 3M Corp.); 

(d) an optical element obtained by combining a cir- 
cular polarization reflector <for example, cholesteric 



liquid crystal), which divides non-polarized light into 
a right-handed circularly polarized light and Left- 
handed circularly polarized light, with a 7JA retarda- 
tion plate; 

5 (e) an optical element that utilizes the Brewster an- 

gle to separate a reflected polarized light from a 
transmitted polarized light (for example, see SID'92 
DIGEST p427); and 

(f) a hologram optical element utilizing hologram. 

10 

[01 26] The light absorbing polarizing plate 30 absorbs 
one linearly polarized light out of two linearly polarized 
lights having perpendicular polarizing directions, while 
transmits the other linearly polarized light. The light ab- 

*5 sorbing polarizing plate 30 may be obtained by uniaxi- 
ally orienting a film impregnated with iodine or a dye. 
[0127] The light absorbing polarizing plate 30 is used, 
since the polarization separation characteristics of the 
light reflective polarizing plate 20 often have incident an- 

20 g ie dependency. The divergent light or the convergent 
light entering the light reflective polarizing plate 20 is 
transmitted with the degree of polarization, which varies 
with a variation in incident angle. The light absorbing 
polarizing plate 30 disposed on the light outgoing side 

25 of the light reflective polarizing plate 20 enhances the 
degree of polarization of the transmitted light The light 
absorbing polarizing plate 30 is arranged to make the 
direction of its transmission axis substantiallycoincident 
with the polarizing direction of the transmitted light. The 

30 light reflective polarizer 1 having the above structure 
thus emits the polarized light in a substantially one po- 
larizing state, that is, with the high degree of polariza- 
tion. 

[0128] Non-polarized light entering the light incoming 
35 surface SI i of the prism 1 0 along the illumination optical 
axis L is divided into two linearly polarized lights having 
perpendicular polarizing directions by the light reflective 
polarizing plate 20 formed on the light outgoing surface 
Slo. One linearly polarized light is transmitted through 
40 the light reflective polarizing plate 20 and further through 
the light absorbing polarizing plate 30 and is emitted. 
The other linearly polarized light (X polarized light) is 
reflected by the light reflective polarizing plate 20 and 
re-enters the prism 10. In this embodiment, the polar- 
45 jzed light transmitted through the light reflective polariz- 
ing plate 20 may be referred to as the transmitted light, 
whereas the polarized light reflected by the light reflec- 
tive polarizing plate 20 may be referred to as the reflect- 
ed light. 

so [01 29] The reflected light (the return light) re-entering 
the prism 10 is totally reflected by the light incoming sur- 
face SI i and is emitted from a surface Sa opposite to 
the vertical angle a. Namely very little light is emitted 
from the light incoming surface S1 i to the outside of the 

55 prism 10. 

[0130] Fig. 12 shows setting for the vertical angle a 
of the prism 1 0. The light entering the light incoming sur- 
face S1 i at an incident angle 61 is reflected by the light 
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reflective polarizing plate 20 and then enters the light 
incoming suriace S1i at an incident angle G. When the 
incident angle G satisfies Relation (1) given below, the 
reflected light (the return light) is totally rellected by the 
light incoming surface S1 i. The incident angle 6 is spec- 
ified by the incident angle el , the vertical angle a of the 
prism, and a refractive index n of the prism. When the 
vertical angle a satisfies Relation (2) given below, the 
return light is totally reflected by the light incoming sur- 
face S1i. Setting the vertical angle a in this manner ef- 
fectively prevents the return light 1rom being emitted 
from the light incoming surface S1i to the outside ol the 
prism 10. 

6<sin- 1 <1/n) (1) 



a 2 (sin" 1 (1/n.sin61) + sin* n (1/n)) 12 (2) 

[0131] For example, when the maximum incident an- 
gle 61 of the light entering the prism is ± 11.3 degrees 
(this is equivalent to the case in which the F number of 
the integrator optical system of the projector is about 
2.5) and the retractive index n of the prism is equal to 
1 .52, setting the vertical angle a of the prism to not lower 
than about 24.3 degrees causes the return light lo be 
totally reflected by the light incoming surface S1i. 
[0132] A dimension BC of the surface Sa opposite to 
the vertical angle a in the direction of the illumination 
optical axis L is set to be about 0.45'times a dimension 
AB of the light incoming surface S1i in the Y direction. 
The shorter dimension BC of the prism 10 than the di- 
mension AB desirably reduces the total size of the light 
reflective polarizer 1. 

[0133] It is desirable that a phase change, which af- 
fects the polarizing state of light, hardly arises inside the 
prism 1 0. An internal stress or an external stress is often 
produced to cause a phase change in the vicinity of the 
vertexes of the prism 10, due to its shape. In order to 
maintain the polarizing state of the light passing through 
the prism 10, the prism 10 of this embodiment is com- 
posed of a glass material having a relatively small pho- 
toelastic constant. By considering the sensitivity of the 
human eye, it is preferable that the photoelastic con- 
stant of the glass material is not higher than about 1 nm/ 
cm/10 5 Pa. The prism composed of such a glass mate- 
rial decreases the degree of a possible phase change 
arising and practically equalizes the in-plane distribution 
of the degree of polarization. Any plastic material having 
a relatively small photoelastic constant may replace the 
glass material. 

[0134] The light reflective polarizer 1 shown In Fig. 1 1 
includes the light reflective polarizing plate 20 with very 
little lighl absorption and accordingly has the improved 
light resistance and heat resistance. Even when the light 
entering the polarizer has a high intensity, the polarizer 



exerts the stable polarization separation characteristics. 
In the prism 10, the angle (vertical angle) defined by the 
light incoming suriace S1 i and the light outgoing surface 
S10 is set to cause the reflected light (the return light) 
5 from the light reflective polarizing plate 20 to be totally 
reflected by the light incoming surface Si i of the prism 
10. This setting effectively prevents the non-required 
polarized light (the reflected light) from being emitted 
from the light incoming surface Si i to the outside. The 
10 arrangement of locating the light reflective polarizer on 
the light outgoing side of the liquid crystal device in the 
projector does not cause the light to enter the light out- 
going surface ol the liquid crystal device, thus effectively 
preventing malfunction of the liquid crystal device. 
is [0135] In this embodiment, the prism 10, the base 
member of the light reflective polarizing plate 20, and 
the base member of the light absorbing polarizing plate 
30 have substantially identical refractive indexes. The 
optical integration of the prism 10, the light reflective po- 
20 larizing plate 20, and the light absorbing polarizing plate 
30 decreases the loss of light at each interface and fa- 
cilitates handling of the light reflective polarizer 1. The 
optical integration also enhances the utilization efficien- 
cy of light in the polarizer 1 and reduces the return light 
2S into the prism 10. It should be noted that the light ab- 
sorbing polarizing plate 30 may be omitted in the case 
where the polarized light (the transmitted light) emitted 
from the light reflective polarizing plate 20 has a high 
degree of polarization. 
30 [0136] In the polarizer 1 shown in Fig. 11, antireflec- 
tion coatings are formed on the light incoming surface 
S1i and the surface Sa. Such coatings enable the ex- 
ternal light to mostly enter the light incoming suriace S1 i 
of the prism 1 , while causing the light totally reflected by 
35 the light incoming suriace S1 i to be mostly emitted from 
the surface Sa of the prism 1 .The antiret lection coatings 
of different structures are formed on the light incoming 
surface S1 i and the surface Sa according to the incident 
angle of light. 

40 [0137] In the actual state, however, the light entering 
the surface Sa of the prism 10 may be reflected by the 
surface Sa and re-enters the light reflective polarizing 
plate 20. Fig. 13 shows a modilied example of the po- 
larizer 1 of Fig. 11. A polarizer 1' shown in Fig. 13 has 
45 the structure similar to that of the polarizer 1 shown in 
Fig. 11 , except the shape of a prism 10'. More specifi- 
cally, the primary difference is a surface (opposite sur- 
face) Sa' opposite to the vertical angle a defined by the 
light incoming surface S1 i and the light outgoing surface 
so S1 o of the prism 1 0\ The surface Sa' is set to cause the 
. linearly polarized light (the X polarized light) totally re- 
flected by the light incoming surface S1 i of the prism 1 0' 
to enter the surface Sa' at virtually right angles. An angle 
P defined by the light incoming surface Sli and the sur- 
55 face Sa' is set substantially equal to the incident angle 
6 of the light, which has been reflected from the light 
reflective polarizing plate 20 and is to be totally reflected 
by the light incoming surface S1L 
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[0138] Application of this polarizer 1' causes the light 
entering the surface Sex' to be mostly emitted from the 
surface Set', thus significantly reducing the light re-en- 
tering the light reflective polarizing plate 20. In the po- 
larizer V, the incident angle (almost 0 degrees) of the 
light entering the light incoming suriace S1i is equal to 
the incident angle of the light entering the surface Sot'. 
The antiref lection coatings formed on the two faces S1i 
and Set' may accordingly have a common structure. 
[0139] Fig. 14 is a sectional view schematically illus- 
trating the structure of a second light reflective polarizer 
2 in the fifth embodiment. The light reflective polarizer 
2 has a similar structure to that of the light reflective po- 
larizer 1 shown in Fig. 11 , except that a second prism 
40 is disposed on the light outgoing side of the light ab- 
sorbing polarizing plate 30. 

[0140] The light reflective polarizer 2 shown in Fig. 14 
exerts the additional advantages discussed below, in 
addition to the same advantages as those of the light 
reflective polarizer 1 shown in Fig. 11. 
[0141] In the example of Fig. 14, an identical prism is 
applied for the two prisms 10 and 40. The two prisms 
10 and 40 are located inversely in the Y direction. The 
two prisms 10 and 40 have the same refractive index. 
The light outgoing surface S1o of the first prism 10 is 
substantially parallel to a light incoming suriace S2i of 
the second prism 40. The light incoming surface S1i of 
the first prism 10 is substantially parallel to a light out- 
going surface S2o of the second prism 40. Accordingly 
there is substantially no change in travelling direction of 
the light passing through the light reflective polarizer 2. 
Namely the travelling direction of the light entering the 
light reflective polarizer 2 is virtually coincident with the 
travelling direction of the light emitted from the light re- 
flective polarizer 2. This arrangement advantageously 
facilitates the assembly of an optical system including 
the light reflective polarizer 2 in combination with anoth- 
er optical part. 

[0142] The two prisms 10 and 40 may be composed 
of different materials. For example, materials having op- 
timal physical properties (for example, refractive index 
and photoelastic constant) may be selected respectively 
for the prisms 1 0 and 40, according to the application of 
the light rellective polarizer 2. Even in the case where 
the two prisms 10 and 40 have different refractive index- 
es, adjustment of the vertical angle of the second prism 
makes the travelling direction of the light entering the 
light reflective polarizer substantially coincident with the 
travelling direction of the light emitted from the light re- 
flective polarizer. 

[0143] It should be noted that the materials having 
high refractive index and small photoelastic constant are 
expensive. In the arrangement of disposing the light re- 
flective polarizers 2 on the light incoming side or on the 
light outgoing side of the liquid crystal device in the pro- 
jector, the material having a high refractive index and a 
small photoelastic constant (for example, the material 
having a photoelastic constant of not higher than about 



1 nm/cm/10 5 Pa) is applied for the prism closer to the 
liquid crystal device, while some inexpensive material 
may be applied for the other prism. This arrangement 
desirably reduces the manufacturing cost with little de- 
5 terioration of the optical characteristics of the light re- 
flective polarizer 2. 

[0144] The second prism 40 is not required to cause 
total reflection. The travelling direction of the light emit- 
ted from the light reflective polarizer 2 is thus regulated 

10 by adequately setting the refractive index and the verti- 
cal angle of the second prism 40. This enhances the de- , 
gree of freedom in layout of the other optical parts and 
facilitates the construction of : for example, an elevation 
angle projection optical system. 

is [0145] In this embodiment, the first prism 10, the base 
member of the light reflective polarizing plate 20, the 
base member of the light absorbing polarizing plate 30, 
and the second prism 40 have substantially identical re- 
fractive indexes. The optical integration of the first prism 

20 10, the light reflective polarizing plate 20, the light ab- 
sorbing polarizing plate 30, and the second prism 40 der 
creases the loss of light at each interface and facilitates 
handling of the light reflective polarizer 2. The optical 
integration also enhances the utilization efficiency of 

25 light in the polarizer 2 and reduces the return light into 
the prism 1 0. It should be noted that the light absorbing 
polarizing plate 30 may be omitted as in the case of the 
light reflective polarizer 1 . 

[0146] Fig. 15 is a sectional view schematically illus- 

30 trating the structure of a third light reflective polarizer 3 
in the fifth embodiment. In the light reflective polarizer 2 
of Fig. 14, the light absorbing polarizing plate 30 is lo- 
cated on the light incoming surface S2i of the second 
prism 40. On the other hand, in the light reflective polar- 

35 izer 3, the light absorbing polarizing plate 30 is located 
on the light outgoing surface S2o of the second prism 
40. The light reflective polarizer 3 exerts the additional 
advantages discussed below, in addition to the same 
advantages as those of the light reflective polarizer 2 

40 shown in Fig. 14. 

[01 47] The light absorbing polarizing plate 30 absorbs 
light and thereby generates heat. In the light reflective 
polarizer 2 shown in Fig. 14, the heat generated by the 
light absorbing polarizing plate 30 affects the second 

45 prism 40 and the light absorbing polarizing plate 30 itself 
to cause a phase change or deterioration of the polari- 
zation characteristics. On the other hand, in the light re- 
flective polarizer 3 shown in Fig. 15, the heat generated 
by the light absorbing polarizing plate 30 is quickly re- 

50 leased to the outside space. This arrangement thus de- 
sirably relieves the adverse effects of the heat generat- 
ed by the light absorbing polarizing plate 30 on the pe- 
ripheral optical elements, such as the second prism 40. 
[0148] The arrangement of locating the light absorb- 

55 ing polarizing plate 30 on the light outgoing surface S2o 
of the second prism 40 enables the smaller incident an- 
gle of the transmitted light entering the light absorbing 
polarizing plate 30, thus advantageously improving the 
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polarization characteristics of the light absorbing polar- 
izing plate 30. 

[0149] Fig. 16 is a sectional view schematically illus- 
trating the structure ot a lourth light rellective polarizer 
4 in the fifth embodiment. The light rellective polarizer 
4 has a similar structure to thai ol the light reflective po- 
larizer 3 shown in Fig. 15, except that a structural bire- 
f ringent polarizing plate 21 is applied for the light reflec- 
tive polarizing plate 20. The structural biref ringent po- 
larizing plate 21 may be any ot t he structural biref ringent 
polarizing plates discussed previously with Figs. 2(A) 
and Fig. 2(B). The example of F ig. 1 6 uses the structural 
biretringent polarizing plate shown in Fig. 2(A). 
[0150] The structural biretringent polarizing plate 21 
has a light transmissive substrate 21 0, which is in close 
contact with the light incoming surface of the second 
prism 40, and a periodical tine structure (metal thin film) 
21 1 , which faces the first prism 1 0 across a small space. 
Light enters the fine periodic structure 211 across the 
small space and goes to the light transmissive substrate 
210. Providing such a small space enhances the polar- 
ization separation characteristics of the structural bire- 
tringent polarizing plate 21 . 

[0151] The fine periodic structure 211 is periodically 
arranged in a specific direction that is perpendicular to 
the intersection line of the light incoming surface S1 i and 
the light outgoing surface S1 o of the first prism 10 (that 
is, the X direction) and is parallel to the light outgoing 
surface S1 o. The grooves 21 2 extend in the X direction. 
The structural biretringent polarizing plate 21 is thus in- 
clined to the illumination optical axis L. Such arrange- 
ment practically decreases the pitch of the fine periodic 
structure relative to the illumination light and thereby im- 
proves the optical characteristics of the structural bire- 
f ringent polarizing plate. 

[0152] In the oblique layout of the structural biref rin- 
gent polarizing plate 21 to the illumination optical axis 
L, it is preferable that the direction of the periodical ar- 
rangement of the fine periodic structure 211 is inclined 
to the illumination optical axis L. The layout of the struc- 
tural biretringent polarizing plate to make the periodical 
arrangement of the fine periodic structure perpendicular 
to the illumination optical axis L does not practically de- 
crease the pitch ot the fine periodic structure relative to 
the illumination light, thus having difficulties in improving 
the optical characteristics. 

[0153] In the example of Fig. 16, the refractive index 
of the light transmissive subsirate 210 is set practically 
equal to the refractive index of the second prism 40. This 
reduces the loss of light occurring at the interface be- 
tween the structural biretringent polarizing plate 21 and 
the second prism 40. 

[0154] The light reflective polarizer 4 shown in Fig. 16 
exerts the similar advantages to those of the light reflec- 
tive polarizer 3 shown in Fig. 15. In the example of Fig. 
16, the structural biretringent polarizing plate 21 having 
relatively small incident angle dependency of the polar- 
ization separation characteristics is applied for the light 



reflective polarizing plate and accordingly ensures the 
excellent polarization separation characteristics even 
when light having a high intensity or light having a large 
incident angle enters the light reflective polarizer 4. 

5 [0155] The structural biretringent polarizing plate 21 
applied for the light reflective polarizing plate 20 shown 
in Fig. 15 may be replaced with a multi-layered polariz- 
ing plate, which is composed of thin f ilms with anisotropy 
of refractive index. The multi-layered polarizing plate is 

10 obtained by alternately laminating the first films with bi- 
refringence and the second films without birefringence 
as discussed previously with Fig. 6. 
[0156] Application of the multi-layered polarizing 1 
plate for the light reflective polarizing plate 20 exerts the 

*5 similar advantages to those of the light reflective polar- 
izer 3 shown in Fig. 15. The multi-layered polarizing 
plate has relatively small wavelength dependency of the 
polarization separation characteristics and thus ensures 
excellent polarization separation characteristics even 

so when the incident light has a wide wavelength domain 
like the visible light. 

[0157] The first prism 10 in any of the polarizers 2, 3, 
and 4 shown in Figs. 14, 15, and 16 may be replaced 
by the prism 10? shown in Fig. 13. 

25 [0158] Fig. 17 is a sectional view schematically illus- 
trating the structure of a fifth light reflective polarizer 5 
in the fifth embodiment. This light reflective polarizer 5 
has two polarizer elements 5a and 5b, where the second 
prism 40 is disposed on the light outgoing side of the 

30 polarizer V shown in Fig. 13. The two polarizer elements 
5a and 5b are connected to each other, such that the 
light incoming surfaces S1i of the respective first prisms 
1 0' ere located in a substantially identical plane. The two ' 
polarizer elements 5a and 5b are arranged to be syrn- 

35 metrical across the illumination optical axis L. The light 
reflective polarizing plates 20 of the respective polarizer 
elements 5a and 5b form a V shape. 
[0159] The light reflective polarizer 5 of the above 
construction has the decreased dimension in the 2 di- 

40 rection as discussed in Fig. 9(A). This reduces the size 
of the light reflective polarizer, while advantageously 
making the smaller space sufficient for the light reflec- 
tive polarizer 5. Application of this light reflective polar- 
izer 5 tor the projector desirably reduces the total size 

45 of the projector. 

[01 60] In the example of Fig. 1 7, the separate prisms 
are applied for the second prisms 40 disposed on the 
light outgoing side of the two polarizer elements 5a and 
5b. One integral prism may alternatively be used for the 

50 second prisms 40. 

[0161] In the light reflective polarizer 5 shown in Fig. 
17, the polarizer V ot Fig. 13 is used for the polarizer 
elements. Any of the other polarizers 1 to 4 may alter- 
natively be applied for the polarizer elements. The light 

55 reflective polarizer 5 of Fig. 1 7 is obtained by combining 
the two polarizer elements 1 '. In another example, com- 
bination of four polarizer elements selected among the 
polarizers 1 to 4 gives the light reflective polarizing 
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plates 20 lorming a W shape as shown in Fig. 9<B). This 
further reduces the size of the light reflective polarizer. 
Application of this light reflective polarizer further reduc- 
es the total size of the projector. In general, a plurality 
of polarizer elements are connected in such a manner 
that light incoming surfaces of respective first prisms are 
located in a substantially identical plane. 
[0162] Fig. 18 is a plan view schematically illustrating 
the structure of a main part of a projector PJ5 in the fifth 
embodiment. The plan view of Fig. 18 is seen from the 
X direction. 

[0163] The projector PJ5 has a similar structure to that 
of the projector PJ2 of the second embodiment (see Fig. 
7<B)), except a polarizer disposed on the light outgoing 
side of the liquid crystal device 300. More specifically, 
the projector PJ5 uses a light reflective polarizer 3', in 
which the first prism 1 0 of the light reflective polarizer 3 
shown in Fig. 1 5 is replaced by the first prism 1 0* shown 
in Fig. 13. In the projector PJ5, a superimposing lens 
180" in a polarization conversion optical system 150* is 
oriented to make its convex surface function as the light 
incoming surface. 

[0164] Fig. 19 shows layout of the light reflective po- 
larizer 3' disposed on the light outgoing side of the liquid 
crystal device 300 of Fig. 18. The liquid crystal device 
300 typically has a rectangular display area. The light 
reflective polarizer 3' is arranged to make an intersec- 
tion line 11 defined by its light incoming surface S1i and 
light outgoing surface S1 o substantially parallel to long- 
er sides 301 of the display area of the liquid crystal de- 
vice 300 (that is, the X direction). 
[01 65] Compared with the arrangement of making the 
intersection line 11 of the light incoming surface S1 i and 
the light outgoing surface S1o substantially parallel to 
shorter sides of the display area of the liquid crystal de- 
vice 300 (that is, the Y direction), this arrangement of 
the light reflective polarizer 3" shown in Fig. 1 9 relatively 
decreases the dimension of the light reflective polarizer 
3' along the illumination optical axis L (that is, in the Z 
direction). As discussed previously with Fig. 12, the size 
of the light reflective polarizers 1 in the Z direction is de- 
termined as tana times the dimension AB of the light 
incoming surface Sli of the first prism 10. The layout 
shown in Figs. 1 8 and 1 9 shortens the distance between 
the liquid crystal device 300 and the projection optical 
system 500, thus desirably reducing the size of the pro- 
jection lens and the whole projector while cutting the 
manufacturing cost. 

[0166] As described above, application of the light re- 
flective polarizer 3* having the improved light resistance 
and the heat resistance enables the projector PJ5 to 
generate polarized light having a high degree of polari- 
zation and displays high-contrast images. The light re- 
flective polarizer 3* also prevents a non-required polar- 
ized light from returning to the liquid crystal device 300. 
This effectively prevents malfunction of the liquid crystal 
device 300 and ensures stable display of high-quality 
images, even when the light entering the polarizer has 



a high intensity. 

[0167] In the projector PJ5, the light reflective polar- 
izer 3* is located only on the light outgoing side of the 
liquid crystal device 300. The light reflective polarizer 3' 
5 may be disposed only on the light incoming side of the 
liquid crystal device 300 according to the presence or 
absence of the polarization conversion optical system 
1 50', that is, according to the thermal load applied to the 
polarizer. More specifically, the light reflective polarizer 
10 3* may be disposed at least on the light incoming side 
of the liquid crystal device 300 in the absence of the po- 
larization conversion optical system 150' (in this case, 
the integrator optical system shown in Fig. 1 is adopted). 
In the presence of the polarization conversion optical 
is system 150\ on the other hand, the light reflective po- 
larizer 3' may be disposed at least on the light outgoing 
side of the liquid crystal device. 300. The light absorbing 
polarizing plate 400 may be used alone on the side with- 
out the light reflective polarizer 3\ Such arrangement 
20 attains the size reduction and the high performance of 
the projector, simultaneously with the reduction of the 
manufacturing cost. 

[01 68] The light reflective polarizer 3* used in the pro- 
jector PJ5 may be replaced by any of the other light re- 
25 flective polarizers 1 , 1', 2, 3 : 4, and 5. 

[0169] The present invention is not restricted to the 
above embodiments or their modifications: but there 
may be many other modifications, changes, and altera- 
tions without departing from the scope or spirit of the 
30 main characteristics of the present invention. Some ex- 
amples of possible modification are given below. 
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(1) In Figs. 2(A), 2(B) and 16, the structural birefrin - 
gent polarizing plate 2O0 or 21 is arranged tocause 
light to enter the surface with the fine periodic struc- 
ture 211 . The structural birefringent polarizing plate 
may alternatively be arranged to cause light to enter 
the surface opposite to the surface with the fine pe- 
riodic structure 211, that is, the light transmissive 
substrate 210. The arrangement of Figs. 2{A) 5 2{B) 
and 16, however, relatively enhances the polariza- 
tion separation characteristics of the structural bire- 
fringent polarizing plate. 

(2) The above embodiments regard the single-type 
projector using only one liquid crystal device. The 
principle of the present invention is also applicable 
to the projector using a plurality of liquid crystal de- 
vices. The transmissive-type liquid crystal device is 
used in the above embodiments. The present inven- 
tion is also applicable to the projector using a reflec- 
tive-type liquid crystal device. The technique of the 
present invention is further applicable to a rear pro- 
jection-type projector that projects and displays im- 
ages on a transmissive-type screen, as well as to 
the front projection-type projector. 



16 



31 



EP 1 180 711 A1 



32 



Industrial Applicability 

[0170] The present invention is applicable to diverse 
optical devices utilizing polarizers, for example, projec- 
tors. 



Claims 

1. A projector, comprising: io 

a light source device; 

an electro-optic device that modulates light 

emitted from the light source device; 

two polarizers that are disposed respectively on *5 

a light incoming side and a light outgoing side 

of the electro-optic device; and 

a projection optical system that projects light 

output from the electro-optic device, 

wherein at least one of the two polarizers is a 20 

structural birefringent polarizing plate. 

2. The projector in accordance with claim 1 , wherein 
the structural birefringent polarizing plate is a 
wiregrid polarizing plate. 25 

3. The projector in accordance with claim 1 , wherein 
the structural birefringent polarizing plate compris- 
es: 

30 

a light transmissive crystal substrate; and 
a fine periodic structure periodically formed in 
a predetermined direction on the light transmis- 
sive crystal substrate. 

35 

4. The projector in accordance with any one of claims 
1 to 3, wherein the structural birefringent polarizing 
plate is inclined to a center axis of light illuminating 
the electro-optic device. 

5. The projector in accordance with claim 4, wherein 
the structural birefringent polarizing plate is ar- 
ranged at an inclination of about 45 degrees relative 
to the center axis. 

6. The projector in accordance with any one of claims 
1 to 3, wherein the structural birefringent polarizing 
plate is divided into a plurality of areas, and at least 
one of the plurality of areas is inclined to a center 
axis of light illuminating the electro-optic device. 

7. The projector in accordance with claim 6, wherein 
at least one of the plurality of areas in the structural 
birefringent polarizing plate is arranged at an incli- 
nation of about 45 degrees relative to the center ax- 
is. 

8. The projector in accordance with any one of claims 



1 to 3. wherein a light absorbing polarizing plate is 
further arranged on a light outgoing side of the 
structural birefringent polarizing plate. 

9. The projector in accordance with claim 8, wherein 
• a light transmissive crystal substrate is further ar- 
ranged on a light outgoing side of the light absorbing 
polarizing plate, and the light transmissive crystal 
substrate is appressed to the light absorbing polar- 
izing plate. 

10. The projector in accordance with any one of claims 
1 to 3, wherein a light reflective polarizing plate is 
further arranged on a light outgoing side of the 
structural birefringent polarizing plate. 

11 . The projector in accordance with claim 1 0, wherein 
the light reflective polarizing plate is a multi-layered 
polarizing plale that is obtained by alternatively lam- 
inating a birefringent film and non-birefringent film. 

12. A projector, comprising: 

a light source device; 

an electro-optic device that modulates light 

emitted from the light source device; 

two polarizers that are disposed respectively on 

a light incoming side and a light outgoing side 

of the electro-optic device; and 

a projection optical system that projects light 

output from the electro-optic device, 

at least one of the two polarizers comprising: 

a first prism having a light incoming surface 
and a light outgoing surface, which face to 
each other in a non-parallel orientation; 
and 

a light reflective polarizing plate that is dis- 
posed on a side of the light outgoing sur- 
face of the first prism, 

wherein the light reflective polarizing plate di- 
vides light emitted from the first prism into first 
and second polarized lights having different po- 
larizing directions, and transmits the first polar- 
ized light while reflecting the second polarized 
light, and 

an angle defined by the light incoming surface 
and the light outgoing surface of the first prism 
is set to cause the second polarized light, which 
has been reflected by the light reflective polar- 
izing plate and returned to the first prism, to be 
totally reflected by the light incoming surface. 

13. The projector in accordance with claim 12, wherein 
the first prism has an intersection line defined by the 
light incoming surface and the light outgoing sur- 
face, the intersection line being substantially paral- 
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lei to longer sides of a rectangular display area on 
the electro-optic device. 

14. The projector in accordance with claim 12, wherein 
a face of the first prism opposite to a vertical angle 
defined by the light incoming surface and the light 
outgoing surface of the first prism is set to cause 
the second polarized light totally reflected by the 
light incoming surface to enter the opposite face at 
substantially right angles. 

15. The projector in accordance with claim 12, wherein 
the first prism is composed of a material having a 
photoelastic constant of not higher than about 1 nm/ 
cm/10 5 Pa. 

16. The projector in accordance with claim 12, further 
comprising a second prism, which is disposed on a 
light outgoing side of the light reflective polarizing 
plate to receive the first polarized light transmitted 
through the light reflective polarizing plate. 

17. The projector in accordance with claim 16, wherein 
at least one of the first prism and the second prism 
is composed of a material having a photoelastic 
constant of not higher than about 1 nm/cm/10 5 Pa. 

18. The projector in accordance with claim 16, wherein 
the second prism is arranged to make a travelling 
direction of the first polarized light emitted via the 
second prism substantially coincide with a travelling 
direction of light entering the first prism. 

19. The projector in accordance with any one of claims 
12 to 18, wherein a light absorbing polarizing plate 
is disposed on a light outgoing side of the light re- 
flective polarizing plate. 

20. The projector in accordance with any one of claims 
12 to 1 8, wherein the light reflective polarizing plate 
is a structural birefringent polarizing plate. 

21. The projector in accordance with claim 20, wherein 
the structural birefringent polarizing plate compris- 
es a fine periodic structure periodically formed 
along a predetermined direction, and the predeter- 
mined direction is substantially perpendicular to an 
intersection line defined by the light incoming sur- 
face and the light outgoing surface of the first prism. 

22. The projector in accordance with any one of claims 
12 to 1 8, wherein the light reflective polarizing plate 
is a multi-layered polarizing plate that is obtained 
by alternatively laminating a birefringent film and 
no n -birefringent film. 

23. A projector, comprising: 
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a light source device; 

an electro -optic device that modulates light 

emitted from the light source device; 

two polarizers that are disposed respectively on 

a light incoming side and a light outgoing side 

of the electro-optic device; and 

a projection optical system .that projects light 

output from the electro-optic device, 

at least one of the two polarizers including a 

plurality of polarizer elements, 

each polarizer element comprising: 

a first prism having a light incoming surface 
and a light outgoing surface, which face to 
each other in a non-parallel orientation; 
and 

a light reflective polarizing plate that is dis- 
posed on a side of the light outgoing sur- 
face of the first prism, 

wherein the plurality of polarizer elements are 
jointed in such a manner that the respective 
light incoming surfaces of the first prisms are 
located in a virtually same plane, 
wherein in the each polarizer element, 

the light reflective polarizing plate divides 
light emitted from the first prism into first 
and second polarized lights having differ- 
ent polarizing directions, and transmitting 
the first polarized light while reflecting the 
second polarized light, and 
an angle defined by the light incoming sur- 
face and the light outgoing surface of the 
first prism is set to cause the second polar- 
ized light, which has been reflected by the 
light reflective polarizing plate and returned 
to the first prism, to be totally reflected by 
the light incoming surface. 

24. A polarizer, comprising: 

a first prism having a light incoming surface and 
a light outgoing surf ace , which face to each oth- 
er in a non-parallel orientation; and 
a light reflective polarizing plate that is dis- 
posed on a side of the light outgoing surface of 
the first prism, 

wherein the light reflective polarizing plate di- 
vides light emitted from the first prism into first 
and second polarized lights having different po- 
larizing directions, and transmits the f irst polar- 
ized light while reflecting the second polarized 
light, and 

an angle defined by the light incoming surface 
and the light outgoing surface of the first prism 
is set to cause the second polarized light, which 
has been reflected by the light reflective polar- 
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izing plate and returned to the first prism, to be 
totally reflected by the light incoming surface. 

25. The polarizer in accordance with claim 24, a face of 
the first prism opposite to a vertical angle defined 
by the light incoming surface and the light outgoing 
surface of the first prism is set to cause the second 
polarized light totally reflected by the light incoming 
surface to enter the opposite face at substantially 
right angles. 

26. The polarizer in accordance with claim 24, wherein 
the first prism is composed of a material having a 
photoelastic constant of not higher than about 1 nm/ 
cm/10 5 Pa. 

27. The polarizer in accordance with claim 24, further 
comprising a second prism, which is disposed on a 
light outgoing side of the light reflective polarizing 
plate to receive the first polarized light transmitted 
through the light reflective polarizing plate. 

28. The polarizer in accordance with claim 27, wherein 
at least one of the first prism and the second prism 
is composed of a material having a photoelastic 
constant of not higher than about 1 nm/cm/10 5 Pa. 

29. The polarizer in accordance with claim 27, wherein 
the second prism is arranged to make a travelling 
direction of the first polarized light emitted via the 
second prism substantially coincide with a travelling 
direction of light entering the first prism. 

30. The polarizer in accordance with any one of claims 
24 to 29, wherein a light absorbing polarizing plate 
is disposed on a light outgoing side of the light re- 
flective polarizing plate. 

31. The polarizer in accordance with any one of claims 
24 to 29, wherein the light reflective polarizing plate 
is a structural birefringent polarizing plate. 
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each polarizer element comprising: 
a first prism having a light incoming surface and 
a light outgoing surface, which face to each oth- 
er in a non-parallel orientation; and 
a light' reflective polarizing plate that is dis- 
posed on a side of the light outgoing surface of 
the first prism, 

wherein the plurality of polarizer elements are 
jointed in such a manner that the respective 
light incoming surfaces of the first prisms ©re 
located in a virtually same plane, 
wherein in the each polarizer element, , 

the light reflective polarizing plate divides 
light emitted from the first prism into first 
and second polarized lights having differ- 
ent polarizing directions, and transmitting 
the first polarized light while reflecting the 
second polarized light, and 
an angle defined by the light incoming sur- 
face and the light outgoing surface of the 
first prism is set to cause the second polar- 
ized light, which has been reflected by the 
light reflective polarizing plate and returned 
to the first prism, to be totally reflected by 
the light incoming surface. 



32. The polarizer in accordance with claim 31 , wherein 
the structural birefringent polarizing plate compris- 
es a fine periodic structure periodically formed 
along a predetermined direction, and the predeter- 
mined direction is substantially perpendicular to an 
intersection defined by the light incoming surface 
and the light outgoing surface of the first prism. 

33. The polarizer in accordance with any one of claims 
24 to 29, wherein the light reflective polarizing plate 
is a multi-layered polarizing plate that is obtained 
by alternatively laminating a birefringent film and 
non-birefringent film. 

34. A polarizer comprising a plurality of polarizer ele- 
ments, 
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Fig. 2 (A) 
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Fig. 10 
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